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Synopsis
Caseins are the predominant milk proteins present in all mammalian species. They comprise approximately 80% of the total protein content in milk. They constitute a heterogeneous group of phospho-proteins present as stable calcium phosphate complexes termed micelles. The biological functions of the caseins are to provide the progeny with a source of phosphate and calcium for the mineralization process of calcified tissues, amino acids and biologically important peptides. The principal proteins in this group are S1-casein, S2-casein, -casein, and -casein classified according to the homology of their primary structures. 

In the present study, effect of cosolvents, proteolytic enzymes and metal ions on -casein structure and function and stability was studied. Bovine milk -casein constitutes 65% of total casein. -Casein contains a mixture of S1 casein and S2 casein in the ratio of 4:1.  This group consists of closely related phospho-proteins, with a molecular weight of 27,300 Da. 

-Casein is easily degradable protein due to its random coil structure. -Casein are grouped under intrinsically unstructured proteins. The aperoidicity of the protein is due to the presence of 8.5% proline residues uniformly distributed in the polypeptide chain. The flexibility and randomness in the structure of -casein, is a reason for the release of many potential peptides with various biological activities, when hydrolyzed by proteolytic enzymes.  The effect of proteolytic enzymes on the release of biologically activity peptides was studied. The part of the study is to screen for the novel multifunctional peptides from -casein, which can be incorporated into nutraceutical and functional foods. The structure-function studies of these peptides will reveal their mechanism of biological activity and mode of action.

The interaction of cosolvents with proteins and peptides will help us to stabilize them for their optimum utilization. Effect of different cosolvents on the structural stability is investigated in order to understand the basic mechanism of stabilization of -casein, as a result of microenvironment changes brought about by these cosolvents. Effect of different cosolvents on the functional stability is investigated to optimize their performance at extremes of temperatures. The biological activity of peptides was also studied in presence of various cosolvents for their functional optimization.

The studies on the interaction of essential and toxic metals ions with proteins will help us to understand binding mechanism. The present study is focused to address the question regarding the structure-function relationships of -casein in presence of metal ions like zinc and lead.

With these objectives, the present investigation is undertaken and the results and conclusions are brought out in the form of a thesis entitled      “The interaction of cosolvents, proteolytic enzymes and selective metal ions with -casein -the structure - stability relationship”. 

The investigation is divided into following chapters: 
I.	Isolation and characterization of biologically active peptides from       -casein.

II.	Effect of cosolvents on the stabilization process of -casein and its biologically active peptides.


III.	Interaction of zinc with -casein.

IV.	Interaction of lead with -casein.

The result and analysis of the above investigation are presented in the form of a thesis. Brief outlines of the important results obtained in the present investigation are summarized below. The thesis has been divided in to introduction, scope & objectives, materials & methods, summary & conclusions and references along with tables and figures. 

Chapter I: Isolation, purification and characterization of -casein from bovine milk were carried out and found to be 94 % pure. The amino acid composition of the isolated -casein was correlated with standard (sequence based) and found to be comparable. Among all the proteases, aminopeptidase, carboxypeptidase, fungal protease, bacterial protease and chymotrypsin employed for the hydrolysis of -casein, chymotryptic hydrolysates were found to be possessing maximum angiotensin converting enzyme inhibitory activity (ACE). These chymotryptic hydrolysates were purified from the unhydrolysed protein and the hydrolysates show multiple biological activities like ACE inhibitory activity, Prolyl endopeptidase inhibitory activity, antioxidant capabilities, antimicrobial activities and mineral binding ability. The hydrolysates show growth inhibiting activity on pathogenic bacteria like B. cereus and E. coli, whereas they promote the growth of probiotic bacteria like L. acidophilus. The hydrolysates were purified by HPLC methods. The purified peptides were sequenced by MALDI-TOF and the pattern reveals two peptides with molecular weights of 1204 and 1718 Da. with sequences QKALNEINQF (peptide 10) and TKKTKLTEEEKNRL (peptide 14) from S2-casein f(94-103) S2-casein f(163-176) respectively. 

The peptides were synthesized on an automated solid phase synthesizer using F-moc chemistry to confirm their biological activities in pure form. The ESI mass spectra of synthesized peptides show 98% purity. The purity of the synthesized peptides was also confirmed by amino terminal sequencing and by reverse phase HPLC. The synthesized peptide shows multifunctional activities like ACE inhibitory, antioxidant capabilities, PEP-inhibitory, antimicrobial, antitumor and anti-ulcer activities. The peptides were not inhibiting the fungal growth or production of fungal mycotoxins, which could be due to presence of thick chitinaceous cell wall in fungi. There is no haemagglutination activity found in peptides. The peptides were found to be more potent compared with their respective standards. The antimicrobial activity of the synthesized peptides was studied in presence of Bacilus cereus, Escherichia coli, Staphylococcus aureus and Listeria monocytogenes. The peptides were showing growth inhibitory activity on two pathogenic organisms like B. cereus and S. aureus respectively.  Further studies on the mechanism of anti-microbial action of peptides on B.cereus were studied. The antimicrobial activity of peptide 10 on B.cereus was due to depolarization of cell membrane whereas peptide 14 was due to its DNA-binding ability.  The presence of basic amino acid residues in peptide 14 could be reason for the DNA binding activity, where as peptide 10 cell penetrating behavior could be due to its amphipathicity. 

The characterization of the peptides was followed by CD and NMR. Modeling of the peptides was done using pepstr software. Three dimensional theoretical modeling of peptides shows aperoidicity with little regular structure. The presence of multifunctional biological activity in peptides could be due to the flexible backbone conformation and possibility of inducing structure in different environments.   

Chapter II:  Effect of cosolvents on -casein and its bioactive peptides were studied in presence of sucrose, trehalose, sorbitol and glycerol. Sucrose and sorbitol are structure stabilizers with no changes in the tertiary structure of -casein, whereas the trehalose and glycerol at higher concentrations brings in minute structural perturbations in the microenvironment of -casein. 

The ACE inhibitory and antioxidant activity of synthesized peptides were studied in presence of 20% sucrose, sorbitol, trehalose and glycerol, respectively. The peptide 10 shows increase in the ACE inhibitory activity in presence of 20% sucrose where as peptide 14 is stabilized in presence of 20% sorbitol. The peptide 10 shows more antioxidant activity in presence of 20% glycerol where as peptide 14 shows in presence of 20% sucrose. The activity of peptides in presence of sucrose could be due to the micro alteration in the secondary structure of the peptide.

Cosolvents are used to increase stability of proteins and thermal stability of biologically active peptides. Cosolvents prevent the inactivation of proteins/peptides exposed to adverse conditions of temperatures and pH. In addition, study of interaction of proteins/peptides in presence of cosolvents helps in understanding the structure – function - thermodynamic energy of the peptides in solution. 

Chapter III: Binding of zinc to -casein was studied by equilibrium dialysis and shows two binding sites 5.0  1.0 and 12.0  2.0 with association constants (ka) of 0.2 ± 0.03 x 106 M–1 and 2.7 ± 0.03 x 106 M–1 respectively. The fluorescence spectral changes as monitored by titration with zinc and       -casein shows an association constant of 1.2 ± 0.3  106 M–1.  The secondary structural changes show not so significant changes at lower concentration of zinc (1 x 10-6 M) and at higher concentration of zinc           (1 x 10-5 M) there is significant change in the -structure content with concomitant decrease in aperiodic structure. The IR spectrum reveals formation of ordered structures in presence of zinc. 

The surface hydrophobic studies by ANS show changes in the perturbation of the aromatic residues in the molecule. The UV difference spectrum shows perturbations in the -casein due to the binding of zinc. The kinetics of binding as analyzed by stopped flow spectrophotometer and UV-visible spectrophotometer indicates the pseudo-first order rate of 40 s-1 and 37 s-1 respectively. The reversibility studies of zinc binding to -casein shows the presence of perhaps two different affinity sites in -casein for zinc. The hydrolysis of the complex and the native proteins by fungal protease and chymotrypsin respectively shows increased hydrolysis of the complex as compared to control. Such interaction of zinc leads to formation of a stable complex with -casein. The ability of the zinc to stabilize the structure of casein and bring about changes in other structural parameters may pave way for better understanding of zinc-protein complex in general. 
 	
Chapter IV: The interaction of Pb(II) with -casein is studied by spectrophotometric titration and shows at least 2.0 binding sites with an association constant (ka) of 2.3 ± 0.2  105 M-1. The equilibrium dialysis also confirms 2.0 binding sites for the protein with an association constant of          ka 2.3 ± 0.2  105 M-1. The far - UV circular dichroism spectra shows no significant changes in the secondary structure of the protein over a ten fold change in Pb(II) concentration. Raman spectra of -casein – Pb(II) complex reveals formation of poly (L-proline) type II structures and reduction in the amide I region along with perturbations in the sulfhydryl region of -casein which is also confirmed by IR spectrum. 

Stopped flow kinetic studies reveals that the reaction mechanism of Pb(II) follows a pseudo-first order rate of 25 s-1. The stopped flow time resolved spectra shows formation of peaks at 330 nm and 360 nm. The studies on the kinetic rates at different temperatures describes the formation of Pb(II)--casein complex is temperature dependent. Modification of cysteine residues with 4-acetamido-4’-maleilidyl stillbene-2,2’-disulphonic acid and iodoacetamide substantiates to the absence of lead binding ability of -casein indicating that cysteine could be probably one of the Pb(II) binding sites as binding of lead also leads to perturbation of spectra of the aromatic amino acids.

